CUTTING MECHANISM FOR A SABER SAW 
CROSS REFERENCE TO RELATED APPLICATION 
This application is a continuation of co-pending appli- 
cation Ser. No. 09/817,189 filed on March 27,2001, which is a 
continuation-in-part of the application Ser .No. 09/468 , 127 
filed on December 21, 1999 (now U.S. Patent No. 6, 282, 797) 

BACKGROUND OF THE INVENTION 
The present invention relates to saber saws. Various sa- 
ber saws have been conventionally developed to cut or saw 
woody or steel materials or pipes in the housing or building 
construction sites or similar fields. 

Conventional saber saws are basically classified into 
first and second types. According to a saber saw of the first 
type, a saw blade is reciprocated along a linear path. Accord- 
ing to a saber saw of the second type, a saw blade is moved 
along an orbital path, for example, an elliptic path. The sec- 
ond type is also referred to as the orbital cutting type. 

U.S. Pat. No. 3,945,120 discloses a vibration dampening 
and heat sink mechanism for a reciprocating hand-held saw 
which has a carrier guide with limited axial and radial move- 
ment positively controlled by an eccentric. 

The conventional saber saws of the orbitai cutting type, 
for example disclosed in U.S. Pat. No. 3,945,120 and in U.S. 
Pat. No. 3,461,732, are preferable to cut relatively soft ma- 
terial, such as woody members. 



In general, reciprocative movement of the saber saws 
cause axial vibration. Providing a counterweight is effective 
to suppress such vibrations (refer to U.S. Pat. Nos. 5,025,562 
and 5,555,626). 

SUMMARY OF THE INVENTION 

An object of the present invention, is to provide a saber 
saw of the orbital cutting type which can operate properly 
even when a saw blade is inversely attached to a saber saw 
body while suppressing vibration. 

In order to accomplish this and other related objects, 
the present invention provides a saber saw including a housing, 
a driven shaft, a plunger, a first motion converting mechanism, 
a counterweight, a second motion converting mechanism, a guide 
sleeve, a swing roller, a pivot member, and means for pivoting 
the guide sleeve. The housing accommodates therein a motor. 
The driven shaft is rotatably supported by the housing and ro- 
tated by said motor. The plunger is capable of reciprocative 
motion with respect to said housing and has a front end to 
which a saw blade is attached. The plunger extends in its ax- 
ial direction. The first motion converting mechanism is inter- 
posed between the driven shaft and the plunger for converting 
rotational motion of the driven shaft into the reciprocative 
motion of the plunger. The counterweight causes reciprocative 
motion with respect to the housing. The second motion convert- 
ing mechanism is interposed between the driven shaft and the 



counterweight for converting the rotational motion of the 
driven shaft into the reciprocative motion of the counter- 
weight. The guide sleeve extends in the axial direction of the 
plunger. The swing roller is movable along the guide sleeve 
5 and is reciprocally movable together with the plunger. The 

pivot member extends in a direction perpendicular to the guide 
sleeve. The guide sleeve is pivotally movable about an axis of 
the pivot member. The pivoting means is adapted for pivoting 
the guide sleeve within a predetermined angle about the axis 

10 of the pivot member. 

In another aspect of the invention, there is provided a 
saber saw including the housing, the driven shaft, the plunger, 
the first motion converting mechanism, the counterweight, the 
second motion converting mechanism, the guide sleeve, the 

15 swing roller, the pivot member, and a moving mode changing 

means for changing a moving mode of the guide sleeve between a 
first moving mode for pivotally moving the guide sleeve about 
an axis of the pivot member within a predetermined pivot angle 
and a second moving mode for preventing the guide sleeve from 

20 being pivotally moved about the pivot member. 

In still another aspect of the invention, there is pro- 
vided a saber saw including the housing, the driven shaft, the 
plunger, the first motion converting mechanism, the counter- 
weight, the second motion converting mechanism, and a swing 

25 roller. The counterweight provides a first track and a second 
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track each extending in an reciprocating direction of the 
plunger. The swing roller is reciprocally movable together 
with the plunger along the extending direction of the first 
and second tracks. A combination of the first track, the sec- 
ond track and the swing roller selectively provides one of a 
first mode in which the swing roller is reciprocally moved out 
of contact from the first track and the second track, a second 
mode in which the swing roller is reciprocally moved in con- 
tact with the first track, and a third mode in which the swing 
roller is reciprocally moved in contact with the second track. 

In still another aspect of the invention, there is pro- 
vided a saber saw including the housing, the driven shaft, the 
plunger, the first motion converting mechanism, the counter- 
weight causing reciprocative motion with respect to the hous- 
ing, the second motion converting mechanism, the guide sleeve, 
and the swing roller movable along the guide sleeve and 
reciprocally movable together with the plunger. A combination 
of the plunger and the guide sleeve selectively provides one 
of a first mode in which the plunger is linearly reciprocally 
movable along the guide sleeve and a second mode in which the 
plunger is pivotally moved within a pivot angle ranging from 
0.44 degrees to 1.54 degrees upon pivotal movement of the 
guide sleeve. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages of 



the present invention will become more apparent from the fol- 
lowing detailed description which is to be read in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a side view showing a cutting operation of a 
5 saber saw; 

FIG. 2 is a side view showing another cutting operation 
of a saber saw; 

FIG. 3 is a partly cross -sectional view showing a saber 
saw in accordance with a preferred embodiment of the present 
10 invention ; 

FIG. 4 is a cross -sectional view taken along a line A- A 
of FIG. 3; 

FIG. 5 is a cross -sectional view taken along a line B-B 
of FIG. 3; 

15 FIG. 6 is a cross -sectional view showing essential ar- 

rangement of a cutting mechanism of the present invention; 

FIG. 7 is a cross -sectional view taken along a line C-C 
of FIG. 6; 

FIG. 8 is a cross -sectional view taken along a line D-D 
20 Of FIG. 7; 

FIG. 9 is a cross -sectional view taken along a line E-E 
of FIG. 7; 

FIGS. 10 to 12 are views successively illustrating a 
linear cutting operation of the saber saw in accordance with 
25 the preferred embodiment of the present invention; 
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FIGS* 13 to 15 are views successively illustrating an 
orbital cutting operation of the saber saw in accordance with 
the preferred embodiment of the present invention; and 

FIGS. 16 to 18 are views successively illustrating an- 
5 other orbital cutting operation of the saber saw in accordance 

with the preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
FIG. 1 shows an ordinary cutting operation of a saber 
saw according to which a saw blade 27 with facedown sawteeth 
10 is attached to the front end of a saber saw body held in a 

normal position. FIG. 2 shows another condition of a saber saw 
according to which the saw blade 27 is inversely attached to 
the saber saw body. However, the above -described conventional 
saber saws of the orbital cutting type cannot operate properly 
15 if saw blades are inversely attached to saber saw body as 

shown in FIG. 2. 

The applicant's copending application Ser. No. 
09/468,127 discloses a saber saw of the orbital cutting type 
which can operate properly even when a saw blade is inversely 
20 attached to a plunger or a carrier. 

PCT international publication No. WO 98/07544 discloses 
a saber saw that approaches the better cutting performance of 
orbital saws without the complexity required for orbital mo- 
tion and achieves a forward motion of the saw blade during the 
25 cutting stroke without resorting to orbital motion. The PCT 
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international publication is patented as U. S. Patent 
No. 6, 508, 151. 

Preferred Embodiment 
A preferred embodiment of the present invention will be 
5 explained with reference to FIGS. 3 to 18. Identical parts are 

denoted by the same reference numerals throughout the views. 
The directions used in the following explanation are defined 
based on a saber saw held in a normal position with a longitu- 
dinal axis extending in a horizontal direction. 
10 Motor Section 

An electrically driven motor 1 is accommodated in a 
resin-made motor housing 2. A handle 3 is connected to the 
rear end of the motor housing 2 . The handle 3 is equipped with 
a switch 4 which allows a user to on-and-off control power 
15 supply to the electric motor 1. 

Speed-Reducing Mechanism 
An inner cover 5, which is an aluminum product, is con- 
nected to the front end of the motor housing 2. A gear cover 6, 
which is also an aluminum product, is connected to the front 
20 end of the inner cover 5 for accommodating a driving force 

transmitting mechanism which is described later. The electric 
motor 1 has a motor shaft 7 serving as a rotary member output - 
ting a rotational driving force of the electric motor 1. A 
driving gear 8 is formed at the front end of the motor shaft 7. 
25 A secondary shaft 9 is positioned in parallel with the motor 
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shaft 7. The inner cover 5 supports the front end of motor 
shaft 7 and the rear end of secondary shaft 9 . A driven gear 
10 is attached on the secondary shaft 9 so as to mesh with the 
driving gear 8. The driving gear 8 and the driven gear 10 co- 
operate as a speed reducing mechanism. The rotational force of 
electric motor 1 is transmitted to the .secondary shaft 9 via 
the speed reducing mechanism. The secondary shaft 9 rotates at 
a reduced speed. 

A first slant shaft portion 9a is formed at the front 
end of the secondary shaft 9. The first slant shaft portion 9a 
inclines with respect to the secondary shaft 9. A second slant 
shaft portion 9b is formed at the rear end of the secondary 
shaft 9. The second slant shaft portion 9b inclines with re- 
spect to the secondary shaft 9 so as to have opposite phase 
relationship with respect to the first slant shaft portion 9a. 
The first slant shaft portion 9a and the second slant shaft 
portion 9b cooperate to cause a plunger 20 and a counterweight 
31 to reciprocate in opposed directions with a phase differ- 
ence of 180 degrees. 

A sub shaft 11 is attached to the front end of the sec- 
ondary shaft 9. The sub shaft 11 is coaxial with the secondary 
shaft 9. The motor housing 2, the inner cover 5, and the gear 
cover 6 cooperatively constitute a housing of the saber saw. 

Reciprocating Shaft Supporting Structure 

As shown in Fig. 4, two axle bolts 12 are opposed and 
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coaxially attached to the front end of the gear cover 6. A 
guide sleeve 13 is hingedly supported at the inner ends of the 
axle bolts 12 and is swingable about the common axis of the 
axle bolts 12. The common axis of the axle bolts 12 serves as 
a pivot for allowing the guide sleeve 13 to swing in an up- 
and-down direction normal to a reciprocating direction of the 
plunger 20. As shown in Fig. 5, two opposed rectangular 
through holes 14 are opened at the rear end of the guide 
sleeve 13. A change shaft 15 is rotatably installed on the in- 
side wall of the inner cover 5. The change shaft 15 is in- 
serted into the rectangular through holes 14. More specifi- 
cally, the change shaft 15 has two symmetric flat surfaces 15a 
formed at opposite sides of the central region thereof. The 
flat surfaces 15a extend in a wider lateral region larger than 
the diameter of the guide sleeve 13. A change lever 16 is se- 
curely connected to the axial end of the change shaft 15. The 
change shaft 15 rotates in accordance with a turning operation 
of the change lever 16. The rotation of the change shaft 15 
selectively allows or restricts the swing motion of the guide 
sleeve 13 about the pivot thereof. FIG. 5 shows the guide 
sleeve 13 which is released from restriction of the change 
shaft 15 and swingable within a predetermined angular range. 

Rotation-Reciprocation Converting Mechanism (for Plunger) 
A first wobble plate 18 has a sleeve like base portion coupled 
around the first slant shaft portion 9a via two bearing rings 



17. The first wobble plate 18 has a swing shaft 18a integrally 
extending from the sleeve like base portion in a direction 
perpendicular to the axis of the first slant shaft portion 9a. 
A ball portion 18b is formed at the distal end of the swing 
shaft 18a. A cylindrical bearing metal 19 is press fitted into 
the front end portion of the cylindrical guide sleeve 13. The 
plunger 20 reciprocates along the cylindrical inner wall of 
the bearing metal 19. The plunger 20 has a larger- diameter 
portion 20a at the rear end thereof. A slight clearance is 
provided between the larger- diameter portion 20a and the cy- 
lindrical inner wall of the guide sleeve 13. The swing shaft 
18a of the first wobble plate 18 is inserted into upper and 
lower openings formed on the larger- diameter portion 20a of 
the plunger 20. An upper opening 20b of the larger- diameter 
portion 20a is loosely coupled with the ball portion 18b of 
the swing shaft 18a. The ball portion 18b can roll along the 
cylindrical edge of the upper opening 20b. The lower opening 
of the larger- diameter portion 20a is so wide that the swing 
movement of the swing shaft 18a is not blocked by the lower 
opening of the larger -diameter portion 20a. With the above- 
described arrangement, the rotational motion of the secondary 
shaft 9 is converted into reciprocative motion of the plunger 
20. 

Counterweight Holding Mechanism 
The counterweight 31 , supported by two guide shafts 33 , 
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reciprocates in the same direction as that of the plunger 20. 
Each of the guide shafts 33 has both ends fixedly supported by 
the inner cover 5 and the gear cover 6. The counterweight 31 
is a sleeve like member surrounding the guide sleeve 13. The 
centroid of the counterweight 31 agrees with that of the 
plunger 20 (refer to FIGS. 5 and 6). 

Rotation-Reciprocation Converting Mechanism (for Counterweight) 
A second wobble plate 32 has a sleeve like base portion 
coupled around the second slant shaft portion 9b via a single 
bearing ring 17. The second wobble plate 32 has a swing shaft 
32a integrally extending from the sleeve like base portion in 
a direction perpendicular to the axis of the second slant 
shaft portion 9b. A ball portion 32b is formed at the distal 
end of the swing shaft 32a (refer to FIG. 3). 

To avoid interference between the ball portion 18b and 
the ball portion 32b , the swing shaft 32a of the second wobble 
plate 32 is angularly offset by an offset angle a degree with 
respect to the swing shaft 18a of the first wobble plate 18 
when seen from the axial end of the secondary shaft 9 as shown 
in FIG. 7. The inclination angle of each of the first slang 
shaft 9a and the second slang shaft 9b with respect to the 
secondary shaft 9 is determined considering the offset angle 
a degree so that the plunger 20 and the counterweight 31 can 
cause reciprocative motions opposed to each other with a phase 
difference of 180 degrees. More specifically, each inclination 



angle with respect to an axis of the driven gear 10 is maxi- 
mized at the position corresponding to the offset angle a de- 
grees. A bore 31c, provided on the counterweight 31, is 
loosely coupled with the ball portion 32b of the second wobble 
5 plate 32. The ball portion 32b can roll along the cylindrical 

edge of the bore 31c. With this arrangement, the rotational 
motion of the secondary shaft 9 is converted into the recipro- 
cative motion of the counterweight 31 (refer to FIG. 7). 

Vibration of the plunger 20 caused in its axial direc- 

10 tion can be canceled by the reciprocative motion of the coun- 

terweight 31 when a product of mass and stroke of the counter- 
weight 31 is identical with that of the plunger 20. 

Blade Attaching & Detaching Mechanism 
A blade attaching portion 20c is formed at the front end 

15 of the plunger 20. The blade attaching portion 20c comprises a 

slit 20d into which the saw blade 27 is inserted and locked by 
a stepped blade locking pin 30. Cylindrical blade holders 28 
and 29 are provided around the blade attaching portion 20c. 
The blade holder 28 is axially shif table toward the rear end 

20 of the plunder 20 while it rotates against a resilient force. 

The stepped blade locking pin 30 retracts in response to the 
axially rearward and rotational movement of the blade holder 
28. This mechanism allows the user to insert the saw blade 27 
into the slit 20d when the user holds the blade holder 28 at 

25 the rearward position. When released, the blade holder 28 
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shifts in the axially forward direction and returns its home 
position while it rotates in the opposite direction. With this 
returning motion, the stepped blade locking pin 30 engages the 
saw blade 27 and firmly fixes the saw blade 27 in the slit 20d 
of the plunger 20. Regarding the direction of the saw blade 27, 
this blade holding mechanism allows the user to set the saw 
blade 27 upside down when attaching it to the blade attaching 
portion 20c of the plunger 20. The applicants' earlier U.S. 
patent application Ser. No. 09/426,646 filed Oct. 25, 1999 
(now patented as U.S. Patent No. 6, 49 5, 932) discloses the more 
detailed structure for the blade attaching and detaching 
mechanism . 

Front Holding Structure 
A resin -made front cover 24 partly covers the housing of 
the saber saw, i.e., the motor housing 2, the inner cover 5 
and the gear cover 6. A base 25 is attached to the front end 
of the gear cover 6 and is shiftable in the axial direction 
via a fixing lever 26. The base 25 stabilizes the position of 
the saber saw with respect to a material 36 to be cut by the 
saber saw. 

Swing Sawing Mechanism 
A roller shaft 21 is provided at the rear part of 
plunger 20 and loosely coupled in axially elongated holes 13a 
opened on the guide sleeve 13. The roller shaft 21 has both 
ends rotatably supporting swing rollers 22 thereabout. The 



13 



axially elongated holes 13a guide the roller shaft 21 and the 
swing rollers 22 to reciprocate together with the plunger 20. 
An altitudinal width of each elongated hole 13a is slightly 
larger than a diameter of the roller shaft 21. The guide 
sleeve 13 and the roller shaft 21 cooperatively prevent the 
plunger 20 from rotating in the circumferential direction, 
thereby providing an antiroll mechanism for the saw blade 27. 

Each of the swing rollers 22 is located between a pair 
of opposing surfaces, i.e., lower track 31a and upper track 
31b, of an axially elongated groove formed in the counter- 
weight 31. These tracks 31a and 31b extend in the axial direc- 
tion of the plunger 20 with a longitudinal length longer than 
a sum of respective strokes of plunger 20 and counterweight 31 
(refer to FIGS. 7 and 8). To adjust a swing motion of the 
plunger 20, each of the lower track 31a and the upper track 
31b is slightly inclined as shown in FIG. 8. 

FIG. 8 shows the change shaft 15 allowing the guide 
sleeve 13 to swing. The plunger 20, coupled in the guide 
sleeve 13, is swingable about the common axis of the axle 
bolts 12. The swing rollers 22 roll on the lower track 31a or 
the upper track 31b of the counterweight 31. In this respect, 
the counterweight 31 not only cancels the axial vibration of 
the plunger 20 but restricts the swing motion of the guide 
sleeve 13 and the plunger 20. According to this embodiment, 
the guide sleeve 13 and the plunger 20 are swingable about the 
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common axis of the axle bolts 12 in both clockwise and coun- 
terclockwise directions in an angular range of approximately 
±1.54 degrees with respect to the swing center thereof as 
shown in FIG, 9. 

5 As the guide sleeve 13 is engaged with the counterweight 

31 via the swing rollers 22, there is no direct interference 
between the guide sleeve 13 and the counterweight 31. As shown 
in FIG. 9, the guide sleeve 13 does not interfere with the in- 
side wall of the counterweight 31 at the uppermost position 

10 (as indicated by solid line). When the guide sleeve 13 is po- 

sitioned at the lowermost position (as indicated by a dotted 
line) , no interference occurs as the lower part of the coun- 
terweight 31 is widely opened (refer to FIG. 7). 

Sawing Operation with Linear Reciprocative Motion 

15 FIGS. 10 to 12 show sawing operation of the saber saw in 

a condition where the change shaft 15 locks the guide sleeve 
13 to restrict the swing motion of the plunger 20. In this 
case, the change shaft 15 is in an upright position where the 
flat surfaces 15a of the change shaft 15 are substantially 

20 perpendicular to the axis of the guide sleeve 13. The upper 

and lower edges of the upright change shaft 15 are firmly en- 
gaged with the rectangular through holes 14 of the guide 
sleeve 13. The change shaft 15 inhibits swing motion of the 
guide sleeve 13 about the common axis of the axle bolts 12. 

25 During sawing operation, a user applies a downward 
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pressing force Fl to the saw blade 27 via the saber saw body. 
As the swing motion of the guide sleeve 13 is inhibited in 
this condition, the swing rollers 22 are not brought into con- 
tact with the track 31a or 31b of the counterweight 31. As a 
result, the plunger 20 and the saw blade 27 perform simple 
linear reciprocation. The simple linear reciprocation of the 
saw blade 27 is suitable for cutting a hard material such as a 
steel workpiece which generates a great reaction force. 

Orbital Sawing Operation with Facedown Saw Blade 
FIGS. 13 to 15 show the saw blade 27 normally attached 
to the plunger 20 with sawteeth facing downward. The saber saw 
is in a condition where the change shaft 15 unlocks the guide 
sleeve 13 to allow the swing motion of the plunger 20. In this 
case, the change shaft 15 is in a lying position where the 
flat surfaces 15a of the change shaft 15 are substantially 
parallel to the axis of the guide sleeve 13. The change shaft 
15 is released from restriction of the rectangular through 
holes 14 of the guide sleeve 13. The change shaft 15 allows 
swing motion of the guide sleeve 13 about the common axis of 
the of the axle bolts 12. 

During sawing operation, a user applies a downward 
pressing force Fl to the saw blade 27 via the saber saw body. 
The plunger 20 supporting the saw blade 27 receives an upward 
reaction force from a material to be cut and swings clockwise 
about the common axis of the axle bolts 12. The swing movement 
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of the plunger 20 is transferred to the guide sleeve 13. The 
guide sleeve 13 lowers its rear end downward. The swing roll- 
ers 22 are depressed against the lower track 31a of the coun- 
terweight 31. The swing rollers 22, rolling along the lower 
5 track 31a, allow the guide sleeve 13 (together with the 

plunger 20) to reciprocate relative to the counterweight 31. 
As shown in FIG. 13 to 15, during reciprocating in the axial 
direction, the guide sleeve 13 swings about the common axis of 
the axle bolts 12 in an angular range of 0.44 degrees to 1.54 

10 degrees. As a result, the plunger 20 and the saw blade 27 per- 

form orbital reciprocation according to which the saw blade 27 
moves along an arc line as shown by an arrow in each of FIGS. 
13 to 15. In this case, the counterweight 31 and the plunger 
20 reciprocate in opposite directions with a phase difference 

15 of 180 degrees. Thus, the axial vibration of the plunger 20 

can be canceled by the counterweight 31. 

Orbital Sawing Operation with Faceup Saw Blade 
FIGS. 16 to 18 show the saw blade 27 inversely attached 
to the plunger 20 with sawteeth facing downward in a condition 

20 where the saber saw is held upside down by a user as shown in 

FIG. 2. The saber saw is in the condition where the change 
shaft 15 unlocks the guide sleeve 13 to allow the swing motion 
of the plunger 20. In this case, the change shaft 15 is in the 
lying position where the flat surfaces 15a of the change shaft 

25 15 are substantially parallel to the axis of the guide sleeve 
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13. The change shaft 15 is released from restriction of the 
rectangular through holes 14 of the guide sleeve 13. The 
change shaft 15 allows swing motion of the guide sleeve 13 
about the common axis of the axle bolts 12. 

During sawing operation, a user applies a downward 
pressing force F2 to the saw blade 27 via the saber saw body. 
The plunger 20 supporting the saw blade 27 receives an upward 
reaction force from a material to be cut and swings clockwise 
about the common axis of the axle bolts 12. The swing movement 
of the plunger 20 is transferred to the guide sleeve 13. The 
guide sleeve 13 lowers its rear end downward. The swing roll- 
ers 22 are depressed against the other track 31b of the coun- 
terweight 31. The swing rollers 22, rolling along the track 
31b, allow the guide sleeve 13 (together with the plunger 20) 
to reciprocate relative to the counterweight 31. As shown in 
FIG. 16 to 18, during reciprocating in the axial direction, 
the guide sleeve 13 swings about the common axis of the axle 
bolts 12 in an angular range of 0.44 degrees to 1.54 degrees. 
As a result, the plunger 20 and the saw blade 27 perform or- 
bital reciprocation according to which the saw blade 27 moves 
along an arc line as shown by an arrow in each of FIGS. 16 to 
18. In this case, the counterweight 31 and the plunger 20 re- 
ciprocate in opposite directions with a phase difference of 
180 degrees. Thus, the axial vibration of the plunger 20 can 
be canceled by the counterweight 31. 
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This invention may be embodied in several forms without 
departing from the spirit of essential characteristics thereof. 
The present embodiment as described is therefore intended to 
be only illustrative and not restrictive, since the scope of 
the invention is defined by the appended claims rather than by 
the description preceding them. All changes that fall within 
the metes and bounds of the claims, or equivalents of such 
metes and bounds, are therefore intended to be embraced by the 
claims . 
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